Natural language interface (NLI) facilitates the human use of computers. In this paper, we review the state-of-the-art NLI application. Based on the extant literature, we design process flow of an NLI system enabling easy information access via mobile devices.
INTRODUCTION
Natural Language Interface (NLI) is an interface that allows users to interact with the computer using a human language, such as English or Chinese, as opposed to using a computer language, command line interface, or a graphical user interface [1] , NLI essentially provides an abstract layer between users and computers by enabling computers to understand human language instead of the other way around. It allows the user to enter natural language search queries in written or spoken text.
Mobile devices (e.g., PDAs, cell phones) present usability challenges to users and system designers due to small screens and limited input methods, unreliable network connectivity, customer apathy, and other factors [2] . NLI has been used for a variety of applications including database query, question-answering, personalization and so on [3] [4] [5] . Despite the potential of NLI in improving the usability of mobile devices, the extant work on NLI has primarily focused on desktop computer systems. Thus, investigating NLI to mobile devices can extend our knowledge on NLI from both theoretical and practical perspectives.
In this paper, we focus on NLI that enables easy access to information repositories via mobile devices.
NATURAL LANGUAGE INTERFACE TO MOBILE DEVICES
Natural language processing is the core technology in support NLI systems. A natural language system [6] should not only have an understanding of what a word means and how to combine words into phrases and sentences, but also know what a sentence means in various contexts. The potential of NLI was first demonstrated with LUNAR [7] -a natural language dialogue system. It led to a stream of research on natural language query interfaces to database (e.g., [5] ). NLI has been extended to help users navigate the site by accepting and processing questions such as search queries in natural language and responding in natural language [4] . This is particularly useful for transforming customer service capabilities. For example, consumers can issue intuitive and natural commands or queries rather than being asked to follow complex menus and adjust to difficult interfaces. NLI also allows users to control systems by carrying out directions and executing business transactions. The natural language is also viewed as a compelling enabling technology for information personalization [8] . In sum, NLI demonstrates advantages such as efficiency, flexibility, economy, and expressiveness. Speech-based interface can further increase the speed of accessing a computer system by allowing hand-free human computer interaction, which is not possible when using the standard keyboard and mouse. Mobile devices users can benefit from NLI by increasing the efficiency and effectiveness of information management. Mobile devices are identified as the best alternative to paper-based tools in managing information [9] . The physical limitations of mobile devices can be mitigated with the help of natural language. For example, finding an appropriate application and inserting the information into the right place in an application consumes a large amount of users' time. An NLI to applications may help user locate the right application and update information in the corresponding database or information repository.
Drawing from the literature on NLI (e.g., [10, 11]), we design process flow of an NLI system for mobile devices, as shown in Figure 1 . Brief descriptions of each component are provided as follows:
NL Interface: The NL interface provides an easy-to-use and unified interface to mobile applications. It accepts text or speech input in natural language.
Natural Language Processing: The user request is processed with natural language techniques. Application Triage: Based on the understanding result, the user request is triaged to an appropriate application on mobile devices.
Goal Identification and Confirmation:
Once the application is identified, a course of action will be initiated by updating information in the application. In addition, confirmation gives users an opportunity to either proceed with the action or return to the NL interface.
Execution: Action is taken in response to user request.
The above processes and related knowledge source and information repository will be updated periodically based on users' interaction history. It is suggested that the challenges of developing satisfactory NLI should never be underestimated [1] and both competence and performance errors should be expected. The effectiveness of the proposed process flow will be evaluated by studying usability of prototype systems in future.
CONCLUSION
The pragmatic goal of natural language and multimodal interfaces [8] (including speech recognition, keyboard entry, and pointing, among others) is to enable ease-of-use for users/customers in performing more sophisticated human-computer interactions. Information management on mobile devices is an emerging and challenging issue. The NLI presented in this paper suggested potential solutions to addressing the above challenges. We hope that this study will motivate more research and applications of NLI to mobile devices.
